A61BSM 



I Al I 



(PCI) 



WO 97/00041 

iWJ GBJ01S7) 



I PCIYUS9C/1029C 
ttJta*W96(JljOWfi) 



(n)Ap £f£5» .JS&S 0 * Ptmrr AN BENNBTT INCOSPO- 
(74) Agent; (EAUBENSKLEB, Marilyn; Nellcor puritan Bennett 



ibltshed 



notion compensation it bated an mabsli tf 
«*J measunnf a raotioa (tend, without noS. 



•J 00 ??* *« *e moUcoSate h etrtinnSength 
Wocd pt& Hgui u not rihStf hS™" 




MAS 105168 • 
CONFIDENTIAL 
ATTORNEY? EYE8 ONLY I 



JOINT 
EXHIBIT 
„„ JTX-3668 
CV-00-6506 NRP 



M2409 



JA 29087 



Copied from 10779033 on 07/15/2005 



FOR IBB PUBPOSBS Of INFORMATION ONLX 




M2410 



JA 29088 



Copied from 10779033 on 07/15/2005 



WO 97/00041 



PCT7US96/10296 



BACKGROUND 

The present invention relates to a pulse oxi*m*« 

i°Lf ^ bl0 ° d OXygenation ' - f i» Partis tote 
elimination of motion artifact which may MtZTZ ! ? 
blood oxygenation signal. * ***** detectea 

u , P,aBe ° Xinetars *ypi«lly measure and display 
various blood flow characteristics including but not lim < «• „ 
t. Moo* oxygen saturation of hemoglobin iTarSriat lilT 
volume of individual blood pulsations and t£^J£*' 
Rations corresponding to each heartbeat^ '2^2^ 
The oximeters pass light through human or animal b£y uL* 
where blood perfuses the tissue suoh as a tZZt « 
-sal septum or the. ,oalp, and ZZL* 
change in absorption of light in the tissue £ e 
light absorbed is then used to calculate tne JolToTLll 
constituent being measured. ^ Wnt of blood 

be 0 f m *** WBTOd thrOUgl, the tl8SUe is selected to 

be of one or »o.re wavelengths that is absorbed by the blood in 
an amount representative of the amount of the blooT 

Zt? en L P r entlnthebl00d - ^-o-tof^ansmitted 
light passed through the tissue will vary in accorda^££ 

-r^r — * -s- - - 

The optical signal can be degraded bv w>. » 4 
motion artifact, one source of T 
reaches the light detector. Another mJT^t^il^t 
electromagnetic coupling from other electronic £ 
tha area. Motion of the patient can also affeoT^w^ 
For instance, when moving, the couplinc *»Zl JT > ' 

and the s*in or tha emitter and 1Z%£ZZ Tt^T" „ 
as' by the detector moving away from the s^ ttp^Luy' fT 
instance, m addition, since blood is a fluid, it Zt not 
»-e at the same speed as the surrounding tS^tZ 
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resulting in a momentary change in volume a't the point the 
oximeter probe is attached. 

Such action can degrade the signal used for making 
medical decisions, with the clinician being unaware of ttT 
This is especially true if there is remote monitoring of the 
Patient the action is too small to be observed, the clLSian 
is matching the instrument or other parte of the patient and 
not the sensor site, or in a fetus where action iTSSn 

5 02B ™ ^ ByStQn deeoribed U.S. Patent Ho. 

5,025,79!, an acceleroaeter is used to detect action. When 
motion is detected, readings influenced by action are either 
eliainated or indicated as being corrupted. la a typical 
oxiaeter, measurements taken at the peaks and valleys of the 
blood pulse signal are used to calculate the desired 
characteristic. Motion can cause a false peak, resulting in a 
measureaent having an inaccurate value and one which is 
recorded at the wrong tiae. in u.s. Patent Ho. 4,802,486, 
assigned to Helicor, the disclosure of vhioh is incorporated 
herein by reference, an EKG signal is monitored and correlated 
to the oxiaeter reading to provide synchronization to limit 
the effect of noise and action artifact pulses on the oxiaeter 
readings, ah reduces the chances of the oxiaeter locking on 
to a periodic action signal, still other systeas, such as 
that set forth in U.S. Patent ho. 5,078,136, assigned to 
Hellcor, the disclosure of which is incorporated herein by' 
reference, use signal processing in an attempt to limit the 
effect of noise and notion artifact. *he .«6 patent, for 
instance, uses linear interpolation and rafce-of change 
techniques to analyse the oxiaeter signal. 

ot readings iapose a number of 

difficulties in dealing with noise. The oxiaeter relies on 
»athe»atical analysis of the reading, at two different 
wavelengths. Because different amounts of ii ght ^ 
at each wavelength, the magnitude of the action artifact oT 
to the saa. action will be different for each signal. This" is 
complicated by the fact that the lights are alternately 
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pulsed, and thus each is influenced by a different amount of 
notion, since the notion varies with tine. 

one system, set forth in PCT Publication Ho. 
WO 92/15955 (Vital signals, inc.) correlates the non-noiee 
portion of two wavelength signals and generates a noise 
reference signal. The noise reference signal is then provided 
to an adaptive noise canceler to eliminate the noise from the 
desired signal. • 

Patent Ko. 4,714,341 discloses the use of three 
different wavelengths, rather than two, in order to detect 
when noise is present. This patent teaches using the first 
and second wavelength signals to produce a first oxygen 
saturation value, and then using the first and third 
wavelength signals to produce a second oxygen saturation 
value. The two calculated values are then compared. if the 
values are equal, as they should be absent motion, the signal 
Is presumed to be good, if the values are different, the 
signal is assumed to contain motion and is disregarded, 

SUMMARY OF THB INVENTION 
The present invention is based on analysis of the 
signal intensity received by the detectors, without separately 
measuring the motion signal, without providing feedback to 
cancel the motion signal and without attempting to 
mathematically eliminate the motion signal. Instead, the 
present invention mathematically recognises the presence of 
the motion signal and recognises a few key characteristics of 
the motion signal. First, although the magnitude of the 
effect of motion on the signal intensity for each wavelength 
will be different, the change in the logarithm of the motion 
component will be approximately the same (for signals at 
approximately the same time) . This allows the motion 
component to be cancelled out in a ratiometrio equation. 
Second, it is assumed that the blood pulse signal is hot 
affected by motion. This sebohd assumption is more of an 
approximation, sinpe the blood pulse signal is somewhat 
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ensuing detailed description taken In conjunction with the 
aoecimpanying drawings. • 

BRIEF DESCRIPTION OP THE DRAWINGS 
- Pigs, ia-id are diagrams, of an intensity signal 
showing the effects of pulsatile flow and action noise; 

Piga. 2A and 2B fere diagrams illustrating the effect 
of motion on the path length of emitted light, and thus on tha 
intensity of received light; and *** 

Pig. 3 is a bloo* diagram of a system according to 
the present invention. 

DETAILED DESCRIPTION OF THE' PREFERRED EMBODIMENTS 
Figs. 1A-1D illustrate aspects of a pulse oximeter 
signal which the present invention, takes advantage of 
Pig. 1A shows the logarithm of a detected infrared signal ' 
Pig. IB shows the logarithm of a detected red wavelength ' 
signal For both of these figures, the signal includes motion 
occurring in the interval of 5-12 seconds. Otherwise both 
the red and infrared signals are noise-free optical signals 
Pig. ic shows the result of a subtraction between the signals 
in Piga. 1A and IB. As this illustrates, the subtraction 
cancels out the noise. This is because the data exists in 
logarithm form, and the motion corruption is additive 
Accordingly, in addition to calculating saturation the 
difference waveform (Pig. ic) can be scaled, and then 
subtracted from either the logarithm of the IR or red signal 
«t£a£? ^ * 8tlaate ° f B0tlOn F1 *- "> "*owTthis 

Fig. 2A illustrates one possible example of how 
notion can effect the intensity signal. A light emitter 16 is 
shown emitting rays 18 through a patient's finger 20. This is 
detected by a detector 22. As can be seen, the distance fr™ 
the emitter to the detector, D, will determine the^nt oT 
light emitted by the emitter reaching the detector, since . 
there will be a natural spreading affect of non-collimated 
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light rays. The farther away the detector is, the more 
spreading results. \ 

Fig. 2B illustrates another example showing how 
notion of a finger can compress and widen the finger 
(exaggerated in the figure) and temporarily cause the light 
emitter 1« to move away from the detector an additional 
distance indicated by arrow 24. This additional distance will 
cause less of the light to reach the detector, since there 
will be more spreading of the light emitted at this larger 
distance. This will result in a lower intensity waveform 
being detected by the detector. Alternately, compression 
could result in a higher intensity waveform. Motion and noise 
can take other forms as well; and can vary for other reasons 
than non-collimated light rays. For instance, the emitter and 
detector could be slightly misaligned. 

The present invention recognizes that the 
calculation for determining oxygen saturation by pulse 
oximetry using .the -ratio of ratios- can be assumed to have a 
motion term which is independent of any particular wavelength. 
An understanding of this first requires an understanding of 
how the ratio of ratios is calculated. 

Using Lambert-Beer^s law as a starting point, 
equation (1) below is used to determine saturation in pulse 
oximetry: * 

xu,t) -x„a>exp(-( S |» 0 a) + (x-s}p^a))i( t) , 

where t X - wavelength 

t " time 

I 0 - intensity of light transmitted ~— 
I - intensity of light detected 
a o oxygen saturation 
P,< Pr - empirically derived absorption coefficients 
•tor oxygenated and deoxygenated hemoglobin 
respectively ' 
It) • a combination of concentration and path 
length from emitter to detector as 
a function of time 
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The traditional approach is to solve for ratio ot 
ratios and then calculate saturation. 

Take natural logarithm of equation (1) for IR and ^ 



Differentiate equation (2) yith 



respect to tine: 



Divide Red (3) by IR (3) 

diog-r (X.) /dt gp 0 g«> 



7. 7,11*1 , i - *Mi,>*a-*)B_a_i 



D«lag logA-loju - log»/B, tha above equrtlon < 
written ass 



Where R is the "ratio of ratios, 
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Solving (4) for a using (5) gives: ; « 

Frra (5) note * can be calculated using two points 
corresponding to measurements at two different times, t. 
Alternately, a family of points can be used. 
To see this latter point define: 

Then, equation (5) can be written as: 
7(t) =» sx(t) 

and for a family of points over time this will describe a 
cluster of points that define a best-fit line of y versus x 
with a slope given by R. 

The present invention modifies the above equations 
by recogniaing that a term can be added to account for motion 
and noise, m particular, the motion and noise component can 
be represented by a function which varies with time and is 
wavelength-independent. This recognition allows a 
mathematical solution to isolate and eliminate the motion and 
noise components without requiring prior art methods such as 
separately measuring the motion. , 

Batten. For example, to account for motion and 
noise, we can modify equation (i).by multiplying by a time 
varying function r,(t) repreaenting wavelength-independent 
motion or noise. This gives the following equation: 

KX.t) -X,<X)i,(t)exp{.( a p o a) + (i- S )p ra))J(t)) (6 , 



MAS 105167 
^CONFIDENTIAL 
ATTORNEYS EYES ONLY 



M2418 



JA 29096 



Copied from 10779033 on 07/15/2005 



WO97/00MJ 

PCT/US95/10296 



We can then solve for s using the saffle st eps a8 UBe<J 
First, we take the logarithm 

log J-logj < , + iog 1 ,.( a p jf+ a . ff)ppi ; 



Next, we differentiate with respect to time: 

Then ' we determine the ratio of Red to IR: 

dlog J l\„) / dt <*logl/d t- (flp o (Xj,) + (i-s) p r a } , d£ 
™„>,d t = «^/*.^W*ci^S3% 

r!tif ^ l0 !,' /dt 18 larg6 *° tte »W terms the 

ratio^of ratios will be driven towards unity, driving 7 
towards a wavelength-dependant constant. So because te this 
model optical coupling due to motion appears identical^ 
both wavelengths, its presence drives the saturation^ t£s 
wavelength-dependant constant. to thLa 

PreSent ±nVention ^ a "ows a calculation of 
blood oxyge* saturation by mathematically recogni^^ 
motion signal. This e^bies a solution whichdOes^ot rLi^ 
separately measuring the motion signal, providing! 
cancel the motion signal, or attempt £"2£S5? •* 
eliminate the motion signal. Set forth below are two^ 
preferred embodiments for implementing tiu* ™ a —*. T 

A Thrflft-wavelenrrt-.h Bn m t jffn 

. ■ Let \, be some other wavelength (not a or Rudr 
How ta*a the logarithm and differentiate this Zr7 ' 
wavelength, obtaining (7) . Gne approaQll ^ ^ ^ 
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differ«»a XB with this new wavelength, and similarly with 
Red. 8» problem with differencing is that a could 1 
infinite when; 



^logxa„) -^logJU,) « o. 
Here is a better solution. Rewrite (7) asi 

How to introduce, some matrix algebra, define: 
»--£logij 
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With this notation * 



<* a l L 

b * Cx 
x " C-b 



So as long as c is full rank, there is no diffinuiW < 
-iving for saturation ana the optical cou^Tel^ 
uniquely. In other .ords, you can now -o^^ HL* 
because there 1 B no wavelength where A - £ !T f oT. f 
saturation. 1 3 'j » given 

mi. optical coupling ntw will ta le „ 
«»y lno.loul.tln, ..tur.tlc.^™^ IT™" 0 * 

• i«* — 1« lal ^w^" 0 " 40 

= tr.tio„ „m „. ulth ^r^zXn. 
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With two wavelengths we have: 



(8) 



. Two equations and three unknowns. One approach ls 

to return to calculating S by rewriting (8) s 



» .Rv4m 



• where m i s the notion tern, aa defined earlier, a is th e 
of ratios, and v is the signal with no notion! 
««■,„«.« Tha T S ^ kay ""^ions which make the 

ef^/ 0 !:^' ?lrBt ' dlth °°* «» of the 

effect of action on each intensity signal will be different 
the change in the logarithm of the motion component at^ ' 
•different times will be the saae (which assZs *e dtf f^ent 
time signal sample, are adjacent or close together in^T 
This allows the motion component to be cancelled ouT i^T * 
radiometric eguatioh. The sepond assumption is that tL 
motion does not cause any effect on the remainder of the 
Ration. There is some effect, el** motion can chance th« 

TZ^r^^ 01 ™ ^ S'ypiliy 

a small effect compared to the motion when there le 
aignificant motion present. By « 88 umin g that the motion hM 

my eieaent ° ° f *• ^*tio»t™rve 

assume that v and a ara not related. ' VQ 

Another assumption is that the amount of motion i« 
£ aeme at the time of both intensity si^VJ^LL 
the two wavelengths. This is a reasonable assumption TiZ 6 
^typical motion signal varies at., rate of around i Hz 
vhile^the light pulsing freouency is typically atTrate^ 
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Assuming v and a are independent over time, (v 
yieldlT d6£lned itm?r product * Substituting for v and a 

Saving for the R that solves this equality yields, 

There are two problems with this approach. 
When B approaches one, b 2 - bl approaches sero, and the 
above equation approaches zero divided by aero, Tfais fact 1b 

z it:::?: 1 ~ f ~ v> - ~ - 

A acre limiting problem is the assumption that 
<v,m)-o. certainly the motion signal is independent of the 
arterial pulsatile signal, but during motion,7a J 2.^. - 

w^m effeDtS ln * . ttat ~* ^ correla^ 

with a, thus biasing * away from its true value. 

Pig. 3 is a block diagram of one embodiment of a 
pulse oximeter implementing the present invention. Light from 
t*Ds X4 passes into patient tissue xe, and after being 
transmitted through or reflected from tissue «, the light is 
received by photosensor «. Hither two or three 1^ 
used depending upon the embodiment of the present invent! 
JlT^ «-ived energy into an a^Ll " 

signal, which is then fed to input amplifier 20. 

tight sources other than LEDs can be used. For 
S^* - "* T" U8ei ' ^ ° ^ — could be 

r: prlata mters eith ~ at *• « 

Time Processing unit (TPO) 48 sends control 
signals 68 to the LED drive 32, to altemateiy activate the 
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LEDs * ****** depending on the embodiment, the' drive mav 
control two or three LEDs. \. * 
«he signal received from input amplifier 20 is 
passed through three different channels ae shown in the 
embodiment cf Pig. 3, for three different wavelengths. 
Alternately, two channels for two wavelengths could be used. 
Bach channel includes an analog switch 40, a low pass 
filter. 42, and an analog to digital (A/D) converter 38. 
Control lines 69 from *pu 48 select the appropriate channel at 
the tine the corresponding LED u Lb being driven, in 
eynchroniMtion. A queued serial module (QSM) 46 receives the 
digital data from each of the channels. CPU 50 transfers the 
data from QSM 46 into RAH 52 as QBK 46 periodically fills up 
In one embodiment, QSH 46, TO* 48, CTO SO and ram S2 are part 

trj^sT- oircult ' suoh as a rr™ 

She method of the present invention is practiced by 
CPU 50 on the data in RAM 52 as received through the various 
channels from photodeteotor 16. -me signal from 
Photodetector.16 is the signal which originated from ua> 8 14 
as reflected or transmitted by patient is, and including • ' 
undesired noise artifact. 
. , As will be understood by those of skill in the art 

tha present invention can be embodied in other specific forms 
without departing from the spirit or. essential characterisSL 
thereof. For example, saturation could be determined using 
different mathematical calculations, once it is recognized 
that the motion term is a function of time that is independent 
of »avele^gth and is approximately the same for two adjacenT 
m time signal samples at two different wavelengths, in one 
example, the mathematical determination could be done by 
dividing the two intensity, equations to eliminate the motion 
term. Although this would only eliminate the motion from one 
wavelength equation, this could be done for alternate 
wavelength, in alternate samples. In a three wavelength " 
embodiment, division of two separate pairs could be done to 
eliminate the motion signal. Accordingly, the disclosure of 
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the preferred embodiment of the Invention is intended to be 
wnion j.8 set forth in the following claims. 
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wavelengths; erent 

determining said saturation by manipulatin* 
Said *"* Second density aignals vI^ C * 

assumptions that ; 

i) an amount of notion is the sane at th. 

li) the motion components of said 
intensity signals are proportional to one another. 

^ Mt 3. *>. of ^ , futtttM; ^ 

representing each of said intensitv „< m „ 
. lotion « Mturatl0I1 , " 
"«~P«rtta, to th. lr.tm.ity ^ M k ^ 

differentiating each logarithm, 
_ equating the first differentiated logarithm of 

the first intensity signal tov + B , vherTm H^h 
Portion 0 f the signal due to motion 
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equating the second differentiated 
the second intensity signal to Rv + Twite IT * 
of first and second wavelength ratio^' I lZ 
ratio being the logarithm of the ratio „ ^ 
ai.aX for toe at - - 

expressing said representations as a aatrix, 

are independent for soae defined inner product, .aT 
determining Bald saturation from r. 

— «« • P „L: t i :L u,a " * 

portion of said patient to produce first „ . 
third intensity signals, ' 8eC0nd and 

a ra ; re8 " ,tln » oach <* e*id intensity signals aa 

a faction of- said saturation, the wavelength 
ponding to the intensity signal, anTTt^e- 

of M id intensity signals, and «* *"* 

solving the three functions to obtain a value 
for said saturation. lue 
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7. The method of claim i herein said deterging 
step assumes that the derivativa of the logarithm of the 
motion component of each intensity signal is the same. 

8 . The method of claim « wherein each of said 
functions includes a plurality of coefficients, and further 

l7at£Z tl^Z'^*"^*** * 88t ° £ ~ e «"*ents for 
said third intensity- signal from a measurement in the absence 

ILTZZ? * "* * dete » lnatie » «* saturation from 

said first and second intensity signals. : 

. 9. The method of claim 6 further comprising the 

steps of i 

takin * *** logarithm of each representation of 
said first, second and third intensity signals; 

differentiating each logarithm; 

putting the differentiated logarithms into a 
matrix; and 

solving said matrix for raid saturation. 

10. & method for measuring the saturation of a 
blood constituent in a patient comprising the steps of » 

irradiating said patient with electromagnetic 
radiation of three discrete, different wavelengths; 

sensing the intensity of said radiation for 
each of said wavelengths after it passes through a 
portion of said patient to produce first, second and 
third intensity signals; 

representing each of said intensity signals as 
a function of said saturation, the wavelength 
corresponding to the intensity Signal, and a time- 
variable motion term corresponding to motion noise, said 
notion term being the same for each of said Intensity 
signals; and * 

solving the three functions to obtain a value 
for said saturation. 
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H. She method. of claim 10 wherein each of said 
functions includes a plurality of coefficients,' and further 
comprising the step of determining a set of coefficients for 
said third intensity signal from a measurement in the absence 
of motion noise and a determination of said saturation from 
said first and second intensity signals. 

12. The method of claim 10 further comprising the 

steps of « 

taxing the logarithm of each representation of 
said first, second and third intensity signals; 
differentiating each logarithm; 
putting the differentiated logarithms into a 
matrix; and 

solving said matrix for said saturation, 

13. A method for measuring the saturation of a 
blood constituent in * patient comprising the steps of: 

irradiating said patient with eleotrottagnetio 
radiation of two discrete^ different wavelengths; 

sensing the intensity of said radiation for' 
each of said wavelengths after it passes through a 
portion of said patient separately to produce first and 
second intensity signals; 

representing each of said intensity signals as 
a function of said saturation, the wavelength 
corresponding to the intensity signal, and a time- 
variable motion term corresponding to motion noise, said 
notion term being the same for each of said intensity 
14 signals; 

" • taW "? toB lo**ithm of each representation of 

16 said first and second intensity signals; 

17 differentiating each logarithm; 

" equating the first differentiated logarithm'^ 

» tha first intensity signal tov + l( ^ B J t j" 

20 portion of tha signal due to motion; ' 
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M wtlo being tto lo^rltto „, o„ rtti : ~T "yeuagtl. 

aatermining said saturation from *. 

14 . An apparatus lor measuring the fia *,,v 
blood constituent in a patient coapri^, 8a ^ion of a 

4* fir8t 8eeon * emitters, said emitters 

7 a detect ^>r sensing the intensity of said 

light, said detector being mounted relative 7o sfidlL* 
and second emitters so that said light is dete^ j£r 

J it passes through abortion of said patient; 
11 * CCmtroUer £or alternately aotivatina said 

« emitters so that said detector detect! the different 

» wavelengths at different times to produce ftlTlZ 

13 second intensity signals; and an<J 
" control means for determining said saturate „„ 

« bJT »anipulati„ g said first and second LtJ^TSS 

1€ with the assumptions that tensity signals 

18 i} of motion is the same at the 

^ same time for each of said intensity signals, and 
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' aMMMhl f 6 * Theapparatusofola l»« herein said 

; c^:, 18 a puise "* 8ai * ~ — fumer 

Blona1ra aeB ^ for "Presenting each of said intensity 
signals as a function of Bald saturation, the wavewL 
oorrasponding to the intensity signal, and a t W ^ 
variable notion tera corresponding to action noise 

aeans for taking the logarithm of each 
= ntation, 0 f said first an* second intensity 

means for differentiating each logarithm 
aeans for equating the first differentiated 
logarithm of the first intensity signal to v 7* v lL » 
is the portion of the signal due to action, - 

aeans for equating the second differentiated 
logarithm of the second intensity signal to ^77 ^ 
* ia a rati, of first and secon^ve^ Ztll' 
wavelength ratio being the logaritha of £e rltio of £ 
intensity signal for the Wavelength at first and ee^ , 

aatrix, ***** ** e * PrBS8ln » sai * "presentations as a 

v and a "7! 8aid ***** 'or R by assuming 

vand a are independent for soae defined inner product 

jaeans for determining said saturation froa a. 

18. The apparatus of claia 17 

alara coupled to said control aeans *>r T ^ 

duration is leas than a predefined T ^ 

predeterained period of tiae. 
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M. flte apparatus of claim 14 further comprising, 

Jth i ; tUrt f ° r salHat^t 

with eieetrtnnagnetioradlation of a third discrete 
different wavelength* 

•w 1 8ald C ° ntroUer alternately activating said 

IZILTTJ^ ^ eaitterS - 'Sector 
produces first, second and third intensiW signals, 
said control Means including 
. f 8 * 8 ' or *W*«*ing each of, Sft id intensity 
signals as a function of said saturation, the 
wavelength corresponding to the intensity signal, 
and a tiae-vaxiable motion tern corresponding 
motion noise, said motion term being the same for 
each of said intensity signals; and 

.""ana for solving the three functions to 
Obtain a value for said saturation. 
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